Acute kidney injury (AKI) in critically ill patients has been largely regarded as a consequence but not as a cause of sepsis [1, 2]. Indeed, most studies focused on incidence, risk factors, and prognosis of sepsis-induced AKI [3] demonstrating its association with a high mortality rate [4] as well as longer hospital stay [5]. Studies addressing the underlying histopathology and pathophysiology of septic AKI have revealed that renal blood flow, both medullar and cortical, was maintained and even increased during severe septic shock [6], undermining earlier concepts and reinforcing the hypothesis that septic AKI is a separate physiological entity from nonseptic AKI. Further evidence for this was provided when it was demonstrated that there was an important role for apoptosis, rather than just necrosis, in sepsis and septic shock [7, 8].
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In this issue of Intensive Care Medicine, Mehta et al.
[9] describe a multicenter, observational study, looking at the relationship between AKI and sepsis. Undoubtedly the major finding was that more than half of patients defined as nonseptic during presentation with AKI developed sepsis during hospitalization, and 50% of them within 5 days after AKI diagnosis. Of course, one of the strengths of the study is its multicenter set-up limiting bias related to factors associated with any particular single center. However, there are limitations to the study: first, patients were included upon nephrology consultation and therefore both delay in diagnosis and the possibility that the sickest patients had already succumbed could influence study inclusion and outcome [4] . The exact aetiology of sepsis was not known, and so recurrence of the initial sepsis could not be excluded [4] . Moreover, this study is a retrospective analysis of a previous observational study (PICARD study) with all of the inherent pitfalls and limitations [10] . Mortality in septic patients with AKI was similar, irrespective of which came first, sepsis or AKI. The fact that so many patients with AKI develop sepsis and consequently, that AKI might be causing sepsis was barely addressed in any previous studies [4] and suggests the question: does AKI cause a state of immunoparalysis?
The phenomenon of immunoparalysis has been studied in more detail in the chronic kidney disease (CKD) population. A recent paper demonstrated that the prevalence of pneumonia was higher in CKD patients and especially in dialysis patients (including peritoneal home dialysis patients) suggesting thereby that CKD by itself is a state of reduced immunity and subsequently heightened risk for pneumonia and associated sepsis [11] . Another study showed that CKD patients and dialysis patients (including peritoneal home dialysis patients) were also at higher risk of developing flu-like infections despite influenza vaccination, suggesting decreased immunity in patients with CKD or, at least, decreased effectiveness of vaccination, as compared to controls [12] . Other studies demonstrated that hospitalized dialysed patients were more at risk for severe infection as compared to other hospitalized patients (and healthy control subjects), suggesting once again, that CKD patients (especially those requiring dialysis) are more prone to develop severe infections, probably because they have reduced immunity secondary to chronic uremia [13] . The propensity of patients with AKI to develop systemic inflammatory response syndrome (SIRS) and sepsis at least suggests that renal function, especially renal tubular cell dysfunction, plays a critical immunomodulatory role in individuals in stressed states [13, 14] . In vitro investigations clearly demonstrate proinflammatory activity of activated tubular cells as reflected by cytokine release [interleukin (IL)-6, IL-8] and leucocyte migration [15, 16] .
There is evidence from recent human studies that inflammatory cascades initiated by endothelial dysfunction in SIRS are further dysregulated in the setting of AKI. Levels of the proinflammatory cytokines (such as IL-6) in plasma predict morbidity and even mortality in patients with AKI [17] . Furthermore, strategies that modulate the inflammatory response provide significant beneficial effects in experimental AKI [18] . Further elucidation of the underlying pathological processes in AKI will undoubtedly prove fruitful in preparing the way for modulation of these processes, thereby facilitating clinical interventions which could, in time, improve clinical outcome. Renal cell therapy and the development of new types of membranes designed to modify immunological dysregulation may indeed provide effective new approaches, though, at present, these remain firmly in the realm of speculation [14] . End stage renal disease (ESRD) is characterized by immune dysregulation presenting with clinical and biological immune deficiency despite chronic activation of immunocompetent cells, especially circulating neutrophils and monocytes [19] . This immune dysregulation develops in patients with chronic renal insufficiency prior to the initiation of chronic dialysis therapy, underlining the fact that, as in AKI, dialysis or other forms of renal replacement therapy are not the primer for immune dysregulation [21] . This finding of dysregulation of the immune state in chronic renal insufficiency may have profound implications for the AKI patient. In the hemodialyzed (HD) patient, the neutrophil dysfunction is borne out by the fact that infection is the second most common cause of death, approaching onequarter of the annual mortality rate in HD patients [14, 19] . This infection complication rate is not diminished with higher dialysis or hemofiltration dose or high-flux membrane utilization although clinical research in this field is ongoing [18] . Mortality due to sepsis occurs approximately more than 200-fold more commonly in these patients compared to the general population [14, 20] . Neither higher mortality rates due to infection nor higher rates of sepsis can be explained by infections secondary to vascular access alone [19, 20] .
In addition, a chronic proinflammatory state exists in CKD patients, reflected by elevated biomarkers, specifically C-reactive protein and IL-6, as well as activation of circulating leukocytes, which correlates highly with accelerated atherosclerosis and early mortality [14] . The role, if any, of this latter finding in the AKI population is unclear, and extrapolation of findings from one population to the other must be approached with extreme caution [20] .
Other recent studies have shown that AKI and its treatment can also aggravate an injury induced by an initial relatively localized infection. Nichol et al. [22] demonstrated in an animal model that buffering of hypercapnia as seen in lung-protective ventilation strategies, expedited by early bicarbonate infusion had significant drawbacks in AKI [22, 23] . Neutrophil gelatinase-associated lipocain (NGAL) is known as an antibacterial factor of natural immunity, is protective for the tubular cell, and is known to be an anti-oxidant factor [24] . NGAL is also known to play a regulatory role, somewhat like erythropoietin, in erythrocyte production [24] . A rapid reduction of NGAL during the course of AKI [particularly when renal replacement therapies (RRT) are applied] may dramatically increase the risk of subsequent infection and sepsis [24] . Erythropoietin (EPO) also exhibits some immunomodulatory effects [25] as demonstrated in a recent investigation whereby the addition of recombinant human erythropoietin normalized T lymphocyte activity as well as proliferative capacity [25] . EPO levels are reduced during AKI, thereby reducing the immune capacity of the body once AKI is established [25] . In some AKI patients, hyperparathyroidism has been described, though not as manifest as in CKD patients [26] . However, both parathyroid hormone (PTH) and teriparatide can inhibit the lymphocyte proliferation capacity [26] , presenting us with another possible mechanism for immune modulation in AKI. Translating the knowledge of the myriad of possible mechanisms for immunoincompetence into viable novel therapeutic options that alter the acute inflammatory response in AKI and the chronic proinflammatory state of ESRD, however, remains a formidable challenge. While most of the medical approaches thus far, including antitumor necrosis factor-alpha therapy, thalidomide, and statins have been ineffective [27, 28] , Humes et al. demonstrated that the use of renal cell therapy and cytopheretic membranes could lead to early clinical success and provide therapies resetting the dysregulated immunological states of AKI and CKD and thereby improving the clinical outcomes of these disease processes [14, 29] .
In conclusion, Mehta et al. have demonstrated that sepsis after AKI is a problem which has been underestimated until now. The fact that mortality in septic patients with AKI is similar, irrespective of which came first, demonstrates this neatly.
Many potential mechanisms have been identified to explain the immunoparalysis occurring in early stage AKI prior to the initiation of any forms of RRT, which could predispose the AKI patient to sepsis. At the same time, these potential mechanisms could hold the key to novel therapeutic options that can have an impact on our daily clinical practice.
The authors rightly conclude that prospective studies are required to assess the derangements in host response that occur following AKI. Wise words, as the interplay between AKI and sepsis is far more complex than the simple question: which came first the chicken or the egg? After prospective studies, and only then, should a wellinformed clinical trial be designed, incorporating novel therapeutic options. The clinical consequences of this study however are obvious: every possible preventive measure has to be undertaken to prevent infections in patients suffering from AKI. This includes withholding invasive procedures whose clinical consequences are unclear. 
